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13.10.2011

xsafran1
Stamp
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Genomika Proteomika Metabolomika

Rekonstrukce sítì biochemických reakcí

DynamikaStruktura Vymezení Citlivost Ruch

infinitní prostor hypotéz a interpretací
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Biologické śıtě a dráhy

• biochemická interakce molekul popsaná grafem

• uzly
• molekuly/komplexy biochemických látek
• biochemické reakce

• hrany
• regulace (aktivace, represe, katalýza)
• p̌ŕıslušnost k reakci (produkt, zdroj)

• dráhy — zamě̌rené na určitá specifika (látky, reakce)
• typicky signálńı dráhy

• śıtě — komplexńı interakce

• r̊uzné úrovně abstrakce, r̊uzné notace, nap̌r. Kohn’s diagrams
http://www.nature.com/msb/journal/v2/n1/full/
msb4100044.html

http://www.nature.com/msb/journal/v2/n1/full/msb4100044.html
http://www.nature.com/msb/journal/v2/n1/full/msb4100044.html
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Př́ıklad komponenty biologické śıtě
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Biologické śıtě a dráhy

• komplexy vzájemně interaguj́ıćıch chemických reakćı

• kĺıčem ke studiu fyziologie organismu

• p̌redstavuj́ı základńı informaci pro tvorbu in silico modelu

• v pr̊uběhu evoluce může docházet k p̌ridáváńı/ub́ıráńı hran
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Biologické śıtě a dráhy

• neformálńı notace

• vyv́ıjej́ı se standardy — SBGN (podporuje nap̌r. CellDesigner)
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Metabolická śıť – ad hoc diagram
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Signálńı śıť – SBGN
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Signálńı śıť – Kohnova mapa
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Obsah

Biologické śıtě
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P̊uvod biologických dat

• tradičńı biochemie a genetika
• výsledky redukcionistického obdob́ı biologie
• forma: vědecké články
• źıskáńı dat: dolováńım znalost́ı z text̊u (text mining)

• low-troughput technologie
• separace proteinů prosťredńıctv́ım antigenů
• genové reportery

• high-troughput technologie
• sekvenováńı genomu
• mě̌reńı exprese genů na DNA mikročipu
• hmotnostńı spektrometrie
• proteomika a metabolomika
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Rekonstrukce v kontextu centrálńıho dogmatu

DNA RNA Protein

GENOME TRANSCRIPTOME PROTEOME

genove sekvence

regulacni oblasti

exprese mRNA

interakce protein−DNA

replikace

translacetranskripce

exprese proteinu

struktura proteinu

INTERACTOME

interakce proteinu

proteinove komplexy

METABOLOME

koncentrace metabolitu

metabolicke drahy

informace prenos realizace
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Data na úrovni RNA

• exprese mRNA
• DNA microarray: high-throughput data (genome-scale expresńı

profily), typicky na populačńı úrovni
• individuálńı informace pomoćı genových reportér̊u (lze i na

úrovni buňky)
• srovnáńı s knock-out/knock-in mutacemi
• dolováńı hypotéz o regulačńıch interakćıch (shlukováńım

profil̊u)
• transkriptom poskytuje hrubý odhad o expresi proteinů, nemuśı

být vypov́ıdaj́ıćı (post-transkripčńı modifikace, regulace
degradace mRNA, splicing)

• interakce protein-DNA
• ChIP-chip (chromatin immunoprecipitation + microarray):

p̌ŕımá detekce vazeb transkripčńıch faktor̊u na DNA

K rekonstrukci regulačńı śıtě je nezbytné integrovat data z úrovně
genomu a transkriptomu.
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Měřeńı mRNA exprese

• nejpouž́ıvaněǰśım nástrojem je technologie DNA microarray
• v daném okamžiku je paralelně nasamplována exprese všech

genů v genomu p̌ŕıslušného organismu
• postaveno na relativńım srovnáńı minimálně dvou r̊uzných

vzork̊u
• exprese v p̌ŕıtomnosti vs. nep̌ŕıtomnosti O2

• exprese p̌ri knock-outu určitého genu vs. normálńı stav
• ...
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Postup při DNA microarray experimentu

1. konstrukce čipu z cDNA knihovny (amplifikace a rozḿıstěńı
sekvenćı)

2. odběr celkové mRNA z experimentálńıch vzork̊u (typicky 2)

3. reverzńı transkripce do cDNA asociované s fluorescenčńım
barvivem

4. hybridizace odebrané cDNA s cDNA na čipu

5. omyt́ı čipu a oskenováńı výsledku

6. analýza dat

7. komerčńı čipy použ́ıvaj́ı ḿısto cDNA knihovny skupinu
oligonukleotidů pro každý gen
⇒ pouze jeden vzorek mRNA je analyzován na jednom čipu
(porovnáńı v́ıce identicky p̌ripravených čipů)

http://www.bio.davidson.edu/courses/genomics/chip/chip.html

http://www.bio.davidson.edu/courses/genomics/chip/chip.html
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Reverzńı transkripce cDNA a amplifikace
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Využit́ı Polymerase Chain Reaction (PCR)

• umožňuje replikaci určité části DNA (forma amplifikace)

• DNA je zaȟrát́ım rozdělena

• úsek DNA je označen párem oligonukleotidů (15-25 baźı)
• p̌ri sńıžeńı teploty hybridizace oligonukleotidů s řetězcem DNA
• doplněńı zbývaj́ıćı sekvence DNA prosťrednictv́ım RNA

polymerázy

• http://www.dnalc.org/resources/animations/pcr.html

• lze využ́ıt i pro mRNA: RT-PCR (reverse transcription PCR)
• reverzńı transkripce mRNA do cDNA
• amplifikace cDNA (PCR)

http://www.dnalc.org/resources/animations/pcr.html
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Databáze microarray dat

• Stanford Microarray Database – r̊uzné pohledy na data,
filtrace
http://smd.stanford.edu/cgi-bin/cluster/drpGetData.pl

• ArrayExpress – statisticky zpracovaná data
http://www.ebi.ac.uk/gxa/

• Gene Expression Omnibus (GEO)
http://www.ncbi.nih.gov/geo/

• MUSC DNA Microarray Database
http://proteogenomics.musc.edu/ma/

• GenExpDB (E. Coli specifická data)
http://genexpdb.ou.edu/

http://smd.stanford.edu/cgi-bin/cluster/drpGetData.pl
http://www.ebi.ac.uk/gxa/
http://www.ncbi.nih.gov/geo/
http://proteogenomics.musc.edu/ma/
http://genexpdb.ou.edu/
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GenExpDB
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Měřeńı mRNA exprese pomoćı genových reportér̊u

• genovým reporterem se rozuḿı umělá subsekvence DNA
zavedená do buňky

• formou persistentńıho syntetického plasmidu (exterńı molekula
DNA zavedená do buňky)

• modifikaćı chromozomu (prosťrednictv́ım plasmidu)
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Zavedeńı plasmidu do buňky
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Schema aplikace genového reporteru

• genový reporter p̌revád́ı aktivitu na určitém promotoru na
mě̌ritelný jev (nejčastěji fluorescence – GFP, luciferase)

• mě̌reńı reportovaného jevu prob́ıhá na populačńı úrovni, lze i
single-cell (digital microfluidics)
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Schema aplikace genového reporteru

• genový reporter p̌revád́ı aktivitu na určitém promotoru na
mě̌ritelný jev (nejčastěji fluorescence – GFP, luciferase)

• mě̌reńı reportovaného jevu prob́ıhá na populačńı úrovni, lze i
single-cell (digital microfluidics)
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Mikrofluidická soustava pro genové reportéry

Baret, Jean-Christophe; Beck, Yannick; Billas-Massobrio, Isabelle; Moras, Dino; Griffiths, Andrew D.
Quantitative Cell-Based Reporter Gene Assays Using Droplet-Based Microfluidics. Chemistry & biology
doi:10.1016/j.chembiol.2010.04.010 (volume 17 issue 5 pp.528 - 536)
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Detekce vazeb protein-DNA

Szalkowski, A.M, and Schmid, C.D.(2010). Rapid innovation in ChIP-seq peak-calling algorithms is outdis-
tancing banchmarking efforts. Briefings in Bioinfomatics.
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Data rekonstruovaných regulačńıch śıt́ı

E. coli S. cerevisiae S. cerevisiae (ChIP-chip)
reguluj́ıćı geny 123 109 203

regulované geny 451 418 1296
regulačńı inerakce 1468 945 3353

• E. coli – RegulonDB (http://regulondb.ccg.unam.mx/)

• S. cerevisiae –
http://web.wi.mit.edu/young/regulator_network/

Christopher T. Harbison, et al. Transcriptional regulatory code of a eukaryotic genome. Nature 431, 99-104
(2 September 2004). doi:10.1038/nature02800.

S Shen-Orr, R Milo, S Mangan & U Alon. Network motifs in the transcriptional regulation network of
Escherichia coli. Nature Genetics, 31:64-68 (2002).

http://regulondb.ccg.unam.mx/
http://web.wi.mit.edu/young/regulator_network/
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Úrovně pohledu na regulačńı interakce

koexpresńı śı̌t
uzly: geny
hrany: podobný expresńı profil

genová regulačńı śı̌t
uzly: geny a TF
hrany: regulace
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Problémy rekonstrukce

• uvažme E. coli
⇒ 4500 genů, z toho 300 kóduj́ıćıch známý TF

• máme 4500 × 300 možnost́ı interakćı . . .

• nav́ıc docháźı ke kombinatorickým regulaćım

• nutno uplatnit optimalizačńı strategie:
• shlukováńı expresńıch profil̊u (clustering)
• integrace dat
• metody ř́ızené dotazy (query-driven reconstruction pomoćı

bayesovských závislost́ı)
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Problémy rekonstrukce
Srovnáńı integračńıch a expresńıch metod

Riet De Smet & Kathleen Marchal. Advantages and limitations of current network inference methods.
Nature Reviews Microbiology 8, 717-729 (October 2010). doi:10.1038/nrmicro2419

• DISTILLER – nástroj postavený na integračńı metodě
(integrace expresńıch a interakčńıch dat)

• CLR – nástroj postavený na výpočtu korelace expresńıch dat
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Problémy rekonstrukce
Divergence metod

Riet De Smet & Kathleen Marchal. Advantages and limitations of current network inference methods.
Nature Reviews Microbiology 8, 717-729 (October 2010). doi:10.1038/nrmicro2419

• LeMoNe – nástroj postavený na strojovém učeńı z expresńıch
profil̊u (shlukováńı)

• SIRENE – ř́ızené strojové učeńı

• SEREND – částečně ř́ızené strojové učeńı + integrace dat
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Data na úrovni proteomu a interaktomu

• exprese proteinů
• proteinové chipy (problémové – nap̌r. proteinové interakce

závislé na termodynamických podḿınkách)
• hmotnostńı spektrometrie (separace chromatografíı, ionizace a

mě̌reńı rychlosti pohybu mezi elektrodami)

• detekce interakćı protein-protein
• proteinové chipy (univerzálńı použit́ı)
• Y2H (yeast two-hybrid system)
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Data na úrovni proteomu a interaktomu
Śıtě proteinových interakćı

interakce proteinů člověka
zdroj: http://www.estradalab.org/research/index.html

http://www.estradalab.org/research/index.html
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Data na úrovni proteomu a interaktomu
Interakce protein̊u S. cerevisiae

Yeast Interactome Database –
http://interactome.dfci.harvard.edu/S_cerevisiae/

http://interactome.dfci.harvard.edu/S_cerevisiae/
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Data na úrovni proteomu a interaktomu
Interakce protein̊u E. coli

Bacteriome – http://www.compsysbio.org/bacteriome/

http://www.compsysbio.org/bacteriome/
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Data na úrovni proteomu a interaktomu
Daľśı zdroje

• C. elegans –
http://interactome.dfci.harvard.edu/C_elegans/

• Drosophila – http://www.droidb.org/

http://interactome.dfci.harvard.edu/C_elegans/
http://www.droidb.org/
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Proteinová databanka PDB

• databáze 3D strukturálńıch dat proteinů a nukleových kyselin

• založena 1971

• věrejný p̌ŕıstup

• http://www.rcsb.org/pdb/

• PDB formát soubor̊u –
http://www.wwpdb.org/documentation/format30

• primárńı struktura (sekvence aminokyselin) – FASTA formát

• vyhledáváńı proteinů dle sekvenćı – BLAST –
http://www.ebi.ac.uk/Tools/blast2/

http://www.rcsb.org/pdb/
http://www.wwpdb.org/documentation/format30
http://www.ebi.ac.uk/Tools/blast2/
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Proteinová databanka PDB
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Data na úrovni metabolomu

• interakce mezi metabolity determinovány chemicky (proteiny
ve funkci enzymů)

• mě̌reńı metabolit̊u pomoćı hmotnostńı spektrometrie

• mě̌reńı aktivity enzymů na úrovni proteomu/transkriptomu

• integrace s daty na nižš́ıch úrovńıch

• data źıskaná z literatury a genoých sekvenćı (pro daný
organismus)

• data dostupná ve věrejných databáźıch

• problémy mohou vznikat d́ıky chybné identifikaci sekvenćı
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Data na úrovni metabolomu

Organismus # enz. genů # metabolit̊u # reakćı
E. coli 904 625 931

S. cerevisiae 750 646 1149
Staphylococcus aureus 619 571 640
Haemophilus influenzae 362 343 488

Helicobacter pylori 268 340 444
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Metabolické śıtě

zdroj: http://www.di.unipi.it/~braccia/ToolCode/

http://www.di.unipi.it/~braccia/ToolCode/
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KEGG – Kyoto Encyclopedia of Genes and Genomes

• integrativńı databáze genových produkt̊u

• genový prostor
⇒ GENES, GENOME, ORTHOLOGY, Organisms

• chemický prostor
⇒ COMPOUND, GLYCAN, REACTION, ENZYME, LIGAND

• systémový prostor
⇒ PATHWAY, BRITE, DISEASE, DRUG

• každý pojem má jednoznačné ID

• zachycena ortologie (podobnost) genů

• genový prostor čerpá aktuálně z několika zdroj̊u
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KEGG – ORGANISMS

http://www.genome.jp/dbget-bin/www_bget?gn:T00007

http://www.genome.jp/dbget-bin/www_bget?gn:T00007
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KEGG – ORGANISMS

http://www.genome.jp/kegg-bin/get_htext?htext=br08601.keg&option=-a&query=eco

http://www.genome.jp/kegg-bin/get_htext?htext=br08601.keg&option=-a&query=eco
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KEGG – GENES

http://www.genome.jp/dbget-bin/www_bget?eco:b1891

http://www.genome.jp/dbget-bin/www_bget?eco:b1891
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KEGG – ORTHOLOGY

http://www.genome.jp/dbget-bin/www_bget?ko:K02402

http://www.genome.jp/dbget-bin/www_bget?ko:K02402
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KEGG – PATHWAYS

http://www.genome.jp/kegg-bin/show_pathway?eco02040+b1891

http://www.genome.jp/kegg-bin/show_pathway?eco02040+b1891
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Data (bio)chemických reakćı

• vstupy reakce – substráty (reaktanty)

• výstupy reakce – produkty

A + B 
 C + D

• ř́ıd́ıćı látky (specifické proteiny — enzymy, koenzymy)
• katalýza – urychleńı/zpomaleńı reakce (aktivátory/inhibitory)
• zesilováńı katalytických účink̊u enzymů koenzymy

• nap̌r. kalalytické urychleńı rozpadu:

AB + E 
 ABE → A + B + E

• piĺı̌rem je komplex katalytických reakćı – metabolismus
• metabolismus umožňuje zpracováńı a p̌reměnu energie
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Energetický pr̊uběh reakce
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Složitost metabolismu

• v e.coli je v́ıce než 1000 reakćı

• opakuj́ıćı se motivy
• zpracováńı ATP (adenozintrifosfát) – zisk energie
• omezené množstv́ı aktivńıch meziprodukt̊u
• jen cca 100 molekul má zásadńı funkci
• omezené množstv́ı typů reakćı

• individuálńı reakce jsou typicky jednoduché (omezené
množstv́ı substrát̊u/produkt̊u)
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Klasifikace reakćı

• každá reakce identifikována EC č́ıslem

• definováno dle názvoslov́ı enzymů

http://www.chem.qmw.ac.uk/iubmb/enzyme

EC 3.2.1.23
typ reakce

druh substrátu

popis akceptoru

subidentifikace

http://www.chem.qmw.ac.uk/iubmb/enzyme
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Klasifikace reakćı

• celkem 8 typů reakćı (enzymů)
• oxydoreduktázy, transferázy, hydrolázy, ...

• EC 3.2.1.23 – β-galaktocidáza
• hydrolýza inhibuj́ıćı tvorbu laktózy, součást galaktózové

metabolické dráhy
• http://www.ebi.ac.uk/thornton-srv/databases/
cgi-bin/enzymes/GetPage.pl?ec_number=3.2.1.23

http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/enzymes/GetPage.pl?ec_number=3.2.1.23
http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/enzymes/GetPage.pl?ec_number=3.2.1.23
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Databáze enzym̊u, metabolických drah

• BRENDA — http://www.brenda-enzymes.org/
⇒ zahrnuje kvantitativńı data

• IntEnz — http://www.ebi.ac.uk/intenz/
⇒ zamě̌reno na názvoslov́ı

• KEGG — http://www.genome.jp/kegg/
⇒ schemata metabolických drah

http://www.genome.jp/kegg/pathway.html

• MetaCyc — http://metacyc.org/

http://www.brenda-enzymes.org/
http://www.ebi.ac.uk/intenz/
http://www.genome.jp/kegg/
http://www.genome.jp/kegg/pathway.html
http://metacyc.org/
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KEGG – PATHWAYS

http:

//www.genome.jp/kegg-bin/show_pathway?org_name=ecj&mapno=00010&mapscale=&show_description=hide

http://www.genome.jp/kegg-bin/show_pathway?org_name=ecj&mapno=00010&mapscale=&show_description=hide
http://www.genome.jp/kegg-bin/show_pathway?org_name=ecj&mapno=00010&mapscale=&show_description=hide
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Cvičeńı

Uvažujme sekvenci aminokyselin (FASTA formát):
SVVEEHGQLSISNGELVNERGEQVQLKGMSSHGLQWYGQ
FVNYESMKWLRDDWGINVFRAAMYTSSGGYIDDPS
VKEKVKEAVEAAIDLDIYVIIDWHILSDNDPNIYK
EEAKDFFDEMSELYGDYPNVIYEIANEPNGSDVTW
GNQIKPYAEEVIPIIRNNDPNNIIIVGTGTWSQDV
HHAADNQLADPNVMYAFHFYAGTHGQNLRDQVDYA
LDQGAAIFVSEWGTSAATGDGGVFLDEAQVWIDFM
DERNLSWANWSLTHKDESSAALMPGANPTGGWTEA
ELSPSGTFVREKIRES

• najděte na http://www.ebi.ac.uk/intenz/

• prozkumejte relevantńı dráhy na
http://www.genome.jp/kegg/

http://www.ebi.ac.uk/intenz/
http://www.genome.jp/kegg/
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Reactome

http://www.reactome.org/

http://www.reactome.org/
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Specificky zaměřené zdroje dat

• EcoCyc — http://ecocyc.org - E. coli K12

• SGD — http://www.yeastgenome.org/

• WORMBASE – http:
//www.sanger.ac.uk/Projects/C_elegans/WORMBASE/

• FlyBase — http://flybase.org/

• . . .

http://ecocyc.org
http://www.yeastgenome.org/
http://www.sanger.ac.uk/Projects/C_elegans/WORMBASE/
http://www.sanger.ac.uk/Projects/C_elegans/WORMBASE/
http://flybase.org/
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Databáze odborných článk̊u

• PubMed Entrez – vyhledáváńı v odborných
biologických/lékǎrských článćıch

http://www.ncbi.nlm.nih.gov/sites/entrez
• Maintained by U.S. National Library of Medicine
• obsahuje okolo 15 mil. referenćı
• zahrnuje články v́ıce než 4000 časopis̊u
• slovńık pojmů MeSH

http://www.ncbi.nlm.nih.gov/sites/entrez
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Ontologie gen̊u a genových produkt̊u

• nutnost systematicky uchopit genom, genové produkty a
funkce (interaktom)

• akumulace biologických dat
• decentralizovaný proces
• paralelńı proces

• problém: nejednoznačné popisy téhož objektu, procesu
• nap̌r. proteolýza vs. (̌ŕızená degradace proteinů)

• od roku 1998 vývoj Gene Ontology
⇒ http://geneontology.org

http://geneontology.org
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Gene Ontology

• ćılem je ucelený systematický popis genových produkt̊u a
jejich funkćı

• ontologie p̌redstavuje systematický slovńık pojmů
• hierarchický pohled na data včetně vazeb mezi nimi (DAG)
• zachyceńı synonym

• GO obsahuje 3 kategorie (DAGy):
• biological process
• cellular component
• molecular function
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Gene Ontology

• respektuje standard OBO a OWL (W3C) pro strukturu a
reprezentaci ontologíı

• http://obofoundry.org/
• http://www.w3.org/TR/owl-features/

• každý uzel p̌redstavuje jednoznačný pojem (množinu synonym)
⇒ jednoznačně reprezentován ID (tzv. GO termem)

• r̊uzné typy relaćı mezi uzly:
• part of, is a, located in, derived from, . . .
• viz http://obofoundry.org/ro/

http://obofoundry.org/
http://www.w3.org/TR/owl-features/
http://obofoundry.org/ro/
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Gene Ontology
Př́ıklad podgrafu GO
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Nástroje pro Gene Ontology

• on-line i off-line vyhledávače v GO

• statistické testy na overreprezentaci dané množiny genů v
pojmech GO

• GOstat –
http://gostat.wehi.edu.au/cgi-bin/goStat.pl

• DAVID – http://david.abcc.ncifcrf.gov/
• BiNGO –
http://www.psb.ugent.be/cbd/papers/BiNGO/Home.html

• mapováńı microarray dat na ontologický strom
• eGOn – http://www.genetools.no/
• High-Throughput GoMiner –
http://discover.nci.nih.gov/gominer/htgm.jsp

• Meta Gene Profiler (MetaGP) – http://metagp.ism.ac.jp/

• . . .

http://gostat.wehi.edu.au/cgi-bin/goStat.pl
http://david.abcc.ncifcrf.gov/
http://www.psb.ugent.be/cbd/papers/BiNGO/Home.html
http://www.genetools.no/
http://discover.nci.nih.gov/gominer/htgm.jsp
http://metagp.ism.ac.jp/
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